Introduction
Aging, which is generally described by decreasing in the functions of tissues and organs of body, is the result of increasing instabilities in expression and structure of genome. [1] [2] [3] Although the mechanism of aging is not certainly understood, the accumulation of oxidative damage occurring on macromolecules (protein, lipids, or nucleic acids) in years is one of the important determinants in aging. [2, 4] Increase in the amount of mutations as a result of accumulation of oxidative damage in time may also explain the increasing cancer incidences with aging. Unrepaired and/or misrepaired DNA double breaks that were caused by physical or chemical agents in cellular genome can be observed as chromosome damage. [5, 6] In addition, chromosome losses resulting from the damage on centromers or spindle fibers and unsegregation of chromosomes during the cell division are important events in cancer and aging.
Micronucleus (MN) technique is a cytological marker of chromosome damage and chromosome losses in the binucleate cells (BN) obtained by blocking cytokinesis by cytochalasin-B (cyt-B) agent (5) . Accentric chromosomes or chromosomes with damaged centromers or whole chromosome loss can be seen as micronucleus in binucleate cells. In this technique, proliferative indexes (PI) can also be obtained by calculating the ratio of a number of multinucleated cells to a number of total cells, thus providing information about cell proliferation in addition to chromosome damage. Therefore, MN technique can be used in studying toxic effects of chemical agents and radiation on genome, in identifying chromosome irregularities resulting from the lack of essential metabolites, in predicting cancer risk and degenerative diseases of aging. [7] [8] [9] [10] [11] Ramsey et al., [12] and Bolognesi et al., [13] have shown the spontaneous chromosome aberrations that were measured in healthy human lymphocytes increased with an increasing age and defined the possible responsibility of the environmental factors in this increase in addition to the inherent genetical factors. Ganguly [14] has shown that the chromosome aberrations and MN frequencies that were measured from lymphocytes of different aged individuals gave a positive correlation with individual ages, whereas mitotic indexes that were measured for cellular proliferation gave a negative correlation with individual ages. In some another studies that were performed with MN technique applied to lymphocytes, Fenech [15] has shown an increase in the MN frequencies with an increase in age and the effect of aging on the induction of chromosome damage rates was at least 25%; Bolognesi et al., [16] and Ganguly [14] have also shown a decrease in the proliferative capacity of lymphocytes with an increasing age. formation. [17, 18] Therefore, it was also aimed to investigate MN frequencies and proliferative indexes induced by non-toxic hydrogen peroxide (H 2 O 2 ) stress in addition to in vitro measuring of spontaneous MN frequencies in this project.
Materials and Methods

Study group
This study was performed with peripheral blood lymphocytes that were collected from 30 healthy volunteers including both man and woman with different ages after approval by the Istanbul Universit.y Istanbul Medical Faculty Ethics Committee. Volunteers signed informed consent documents. Their ages ranged between 23 and 73 years. They did not take treatment for any kind of systemic disease in their histories. Twentyone donors were man and 9 were woman. Only 5 of them were current smokers, and 3 were ex-smokers (smoked between 10 and 30 years).
Micronucleus assay
For each donor, peripheral blood was drawn into two different 4.5-ml sterilized lithium-heparin tubes. One tube was left for control to measure spontaneous MN frequencies and the other one was treated with non-toxic levels of H 2 O 2 (500 μM for 30 mins) to measure stressinduced MN frequencies. Microculture method [19, 20] was used for lymphocyte culture with small modifications;
for each donor, 0.5 ml of whole blood either treated and untreated was added in culture containing 15 g/ ml phytohemagglutinin (Sigma, St. Louis, MO, USA), 1 ml newborn calf serum and 4 ml of RPMI-1640 with glutamine (Sigma) supplemented with 100 µg/ml streptomycin and 100 IU/ml penicillin, and incubated at 37 o . At the 44 th hours of incubation, cytochalasin-B (Sigma, St. Louis, MO, USA) solution (6µg/ml) was added and cells were incubated for another 28 h in order to obtain micronuclei in binucleate cells. [5] At the end of total incubation period of 72 hours, cells were treated with ice-cold hypotonic KCI solution (0.075M). Immediately after, cells were washed three times with methanol:acetic acid (7:1) solution. Staining was performed after dropping cells on ice-cold glass slides with 5% Giemsa solution.
One thousand binucleate per patient were scored.
Fenech [5] criteria for scoring micronuclei were applied. Binucleate cells with two identical nuclei were considered for evaluation. Binucleate cells either containing micronuclei or not were scored for evaluating MN frequencies. Nucleoplasmic bridges, nuclear buds (blebs and extrusions) were also included in scoring in order to see their effect on aging other than MNi. Cells with one, two, three, and four nuclei were scored for calculating proliferative index (PI) in order to evaluate proliferative status of each donor's lymphocytes according to the formulation by Eastmond and Tucker: [21] PI=(M1+(2xM2)+(3xM3)+(4xM4))/N, where M1,M2,M3, and M4 represent the number of cells with 1-4 nuclei, and N the total number of scored cells.
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Statistical analyses
Comparisons between MN frequencies and proliferative indexes before and after H 2 O 2 treatment for each donor's lymphocytes were made with paired t-test. Unpaired t-test was applied to compare scores between different gender and smoking conditions. The effects of aging on spontaneous, H 2 O 2 -induced MN frequencies and proliferative indexes were evaluated with regression analysis.
Results
The age, gender, cigarette smoking conditions, spontaneous, and H 2 O 2 -induced MN frequencies and proliferative indexes (PI) that were measured in lymphocytes were given in Table 1 . The distribution of donor ages was from 23 to 73 years in the range of 50 ages is given in Figure 2 . Clearly, the pattern of change in the nuclear bud frequencies with age was quite similar to that of change in MN frequencies, showing the similar biphasic character.
When proliferative indexes before and after treatment were compared, there was no any difference (P = 0.42).
The similarity in relationships between proliferative indexes and aging are shown in Figure 3 .
Although spontaneous and H 2 O 2 -induced proliferative indexes had a tendency to decrease with increasing aging, correlation coefficients (R 2 ) of regression analysis for spontaneous PI line was 0.045 and for H 2 O 2 -induced PI line was 0.018. There were no variations in proliferative indexes with increases in donor's ages.
Discussion
The aim of this research was to investigate the effect of aging on chromosome instability and cellular reproduction in human peripheral blood lymphocytes. Studies that were investigating the relationship between aging and chromosome instabilities showed an increase in MN frequencies with an increasing age. [14, 16, 22, 23] This increase in MN frequencies in these studies was followed by a decrease in proliferating efficiencies of cells. Milosevic-Djordjevic et al., [23] showed a decrease of MN frequencies in older aged groups and explained this might be the result of declining in proliferation capacity of cells with an increasing age.
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